A b s t r a c t In this three-year-trial study, we examined the quality of mated queens based on morphological and physiology traits. At each location, sister queen bees were reared each year from one Apis mellifera carnica breeder queen. Queens were also reared and mated in different locations. Altogether, we sampled and analysed 324 queens from 27 apiaries in 2006, 288 queens from 24 apiaries in 2008, and 276 queens from 23 apiaries in 2010. Nine queens from each apiary were sampled and dissected for morphological analyses and Nosema ceranae (N. ceranae) spores, if present, were quantified. Three queens from each apiary were prepared and tested for four viruses: acute bee paralysis virus (ABPV), black queen cell virus (BQCV), deformed wing virus (DWV), and sacbrood virus (SBV). The highest average queen weight of 209.49 ± 9.82 mg was detected in 2008. The highest average ovary weight of 78.67 ± 11.86 mg was detected in 2010, and the highest number of ovarioles was 161.59 ± 8.70 in 2006. The average number of spermatozoa in queens ranged from 3.30 x 10 6 in 2006 to 5.23 x 10 6 in 2010. Nosema ceranae spores were found in queens sampled in 2008 and 2010. Viruses were discovered sporadically during the queen testing periods from 2006 -2010. This study importantly demonstrates that queens from rearing stations require regular evaluation for morphological and physiological changes as well as for infection from harmful pathogens. These results could also be used in establishing relevant commercial standards for rearing quality queens. Keywords: bee virus, Nosema spp., ovariole, ovary, queen rearing, spermatheca.
INTRODUCTION
The Carniolan honeybee bee, Apis mellifera carnica Pollman 1879, is an indigenous subspecies and has been preserved in all the five geographic areas of Slovenia: Prekmurje, Štajerska, Gorenjska, Dolenjska, and the Central Region. Queen producers annually test the performance of selected colonies for queen evaluation and for further breeding. The aims of queen breeding in Slovenia are to both preserve native wildtype strains and to maintain desirable honeybee traits. However, various environmental factors can affect the quality of queen bees; for example, the rearing season and weather can alter the queens' development rate (Mahbobi et al., 2012) . Therefore, evaluating morphological, behavioural, and reproductive traits of male and female bees in response to the climate within apiaries, is also important when selecting for queens. Morphological traits such as body size and a bee's reproductive performance are often linked and subject to environmental factors (Reiss, 1989) . If the bee is a queen, any change in body weight can irrevocably alter her egg laying capacity (Harbo, 1986) . Heavier queens have more ovarioles and larger spermathecae that are capable of holding more sperm (Woyke, 1971; Szabo, 1973; Eid et al., 1980) . Even large queens may lose reproductive fitness when afflicted with pathogens and parasites. The microsporidian parasite, Nosema apis, for instance, can damage ovarian tissue. This parasite can also prevent eggs from hatching, it may halt oviposition, and it may even render a weakened queen susceptible to supersedure or death (Hassanein, 1951) . At the colony level, the influence of queen replacement caused by Nosema infection appears to primarily affect nurse bees and therefore worker production in afflicted colonies could be seriously Characteristics of honey bee queens curtailed (Botías et al., 2013) . For these reasons, beekeepers claim that mated queens purchased from registered queen breeders were small and of low quality because of their low fecundity, poor survival, and weak colonies. Queen quality can be assessed using a variety of fitness-related criteria such as live weight, ovariole number, spermathecae size, and mating success (number of spermatozoa in the spermatheca) (Zhdanova, 1967; Woyke, 1971; Rhodes et al., 2004) . The aim of this study is to assess queen quality based on such queen reproductive traits as live weight, spermathecal volume, number of spermatozoa, and number of ovarioles. Because queen reproduction can be influenced by diseases, we also examined queens for infection by Nosema spores as well as for infection by four viruses. This is the first time that queen quality traits have been evaluated by Slovenian queen breeders. We anticipate that these results will help improve the standards for rearing high quality queens in Slovenia and perhaps in neighbouring countries also.
MATERIAL AND METHODS
Queen bees originated from five different geographic regions of Slovenia. All of the regions have a continental climate. These regions are: Prekmurje, Štajerska, Gorenjska, Dolenjska, and the Central Region. In total, 888 queens were evaluated every two years from apiaries in all the five regions: 324 were sampled from 27 queen rearing apiaries in 2006, another 288 queens were sampled from 24 apiaries in 2008, and in 2010, 276 additional queens were sampled from 23 apiaries. Procedures for evaluating queens in 2006 and 2008 followed those described by Hatjina et al. (2014) . Twelve queens from each apiary were sampled during the same time period; between June 16 and June 20 of each sampling year, and from the same selected queen mother colony. These queens were allowed to freely mate with the drones. After insemination, all the queens were kept in mating nuclei for approximately 20 days to allow for egg laying until the appearance of larvae. Nine of the 12 queens sampled from each queen rearing apiary were dissected under a stereomicroscope and prepared for further morphological analyses (see below). The remaining three queens from each 12-queen sample were prepared for detection of the following viruses: acute bee paralysis virus (ABPV), black queen cell virus (BQCV), deformed wing virus (DWV), and sacbrood virus (SBV).
Morphological analyses: weight, spermatheca volume, number of spermatozoa, number of ovarioles One day after sampling the queens from the mating nuclei, the queens were immediately brought to the laboratory. The queens were weighed and dissected in the laboratory. The midgut was removed from each queen and placed separately in a microtube and kept at -20°C for further Nosema analyses. A photograph of each spermatheca was taken using a stereomicroscope and the volume was calculated by measuring the spermatheca diameter using the computer program AxioVision. The spermatheca outer membrane was then gently perforated to release the seminal fluid with spermatozoa. The seminal fluid was then suspended in 0.5 mL Hayes solution in 4.5 mL of distilled water (Koeniger et al., 2005 ). Bürker's haemocytometer was used for spermatozoa counting in 80 fields, under 400 x magnification using phase contrast microscopy. The ovaries from each queen were weighed using a microbalance. Next, the ovaries were fixed for 24 h in a 10% neutral buffered formalin solution and then dehydrated in solutions of ascending concentrations of alcohol and xylene. Finally, the ovaries were embedded in wax as described by Gregorc and Bowen (1999) . Slide preparations of cross sections from the central ovary portion were stained using Mayer's haematoxylin and Eosin, and mounted permanently with a Faramount mounting medium (Dako Inc.). Stained tissue sections of one ovary from each queen were randomly selected and examined using a Zeiss stereomicroscope; a digital photo camera was used to take pictures. Only one ovary from each queen was examined because left and right ovaries have comparable numbers of ovarioles (Rhodes and Somerville, 2003) . Ovarioles in ten tissue sections from each ovary were counted under 200 x magnification using Zeiss stereomicroscope. The number of ovarioles was averaged for each sampling year: 2006, 2008, and 2010. Nosema spp. spores and molecular analyses for viruses The sampled queens' midguts were macerated in 1 mL PBS (Phosphate buffered saline) and a drop of suspension was examined under 400 x magnification and Nosema spp. identified (Cantwell, 1970) . Spores were counted using the Bürker haemocytometer. Molecular determination and differentiation between N. apis and N. ceranae spores were conducted using 100 μL of the spore suspension solutions. The sampled queens' midguts were pooled from the same apiaries. DNA isolation was conducted as described by De Graaf et al. (1993) . DNA extraction was performed using the High Pure PCR Template Preparation Kit (Roche Diagnostic), according to the manufacturer's instructions. Finally, isolated DNA (200 μL) was stored at -20°C until a further Duplex PCR technique was employed according to the OIE Terrestrial Manual (2008) . Selected primers were used. PCR was performed using a Mastercycler (Biometra) in 25 μL volumes containing Mg 2+ , each of primer specific to viruses tested in the experiment, BSA, Triton, template DNA, and Expand High Fidelity PCR System (Roche Diagnostic). The PCR activation step was followed by denaturation. For each pair of primers, annealing and extension was conducted according to the method described by Higes et al. (2006) . Amplified PCR products were electrophoresed through 2% agarose TAE (Tris-acetate-ethylene diamine tetraacetic acid) gel in a standard TAE buffer, stained in ethidium bromide, and illuminated with UV light. For virus analyses each queen was separately macerated in a microtube containing PBS. Viral RNA was isolated using a QIAamp Viral RNA Mini Kit (Qiagen, Germany) according to the instructions. Altogether, 232 queens were examined (81 queens from the year 2006, 72 from 2008, and 69 queens from 2010) for the presence of ABPV, BQCV, DWV, and SBV, as cited by Gregorc and Bakony (2012) . Viral RNA was reverse transcribed and amplified by a continuous RT-PCR method with the One Step RT-PCR kit (QIAGEN, Germany), according to the manufacturer's instructions. The specific primer pairs for the four viruses were designed based on the partial or complete sequences of the virus genomes deposited in the GenBank database (Berényi et al., 2006) . Amplifications were performed in a GeneAmp PCR System 2400 thermal cycler (Perkin-Elmer). The reverse transcription was followed by a denaturation and polymerase activation step and by 40 cycles of PCR. The PCR products were electrophoresed in a 1.2 % Tris-acetate-EDTA-agarose gel and stained with ethidium bromide as described by Berényi et al. (2006) . Bands were photographed under UV light (Biometra). Fragment sizes were determined with reference to a 100-bp ladder (Promega).
Statistics
Mean queen weight, ovariole number, and number of spermatozoa per spermatheca were compared among queens, rearing apiaries, and sampling years, using one-way analysis of variance (ANOVA). Pearson rank correlations (Graph Pad Prism 3.0) measured the strength of the relationships (α = 0.05) between queen weight, ovary weight, and ovariole number. The Scheffe test was also used to compare the number of spermatozoa versus spermathecae volume. The data were analysed with the aid of the Statgraphic Plus program (1996) .
RESULTS
Weight of queens and ovaries, and number of ovarioles Average queen and ovary weights and the differences between years are shown in Table 1 . The highest queen weights were detected in 2008. The highest ovary weights were detected in 2010. The ratio between queen weight and ovary weight in all the three years was 2.98, 2.86, and 2.56, respectively. The highest proportion of an individual queen's ovary weight in comparison to the total queen body weight was 44.42% and the lowest proportion was 26.63%. The highest and the lowest ratios of ovary weight to queen weight occurred in 2006 and 2010; 38.97% and 33.49%, respectively. We found that queen weight correlated with ovary weight (r = 0.5243, p<0.001) and that ovary weight weakly correlated with ovariole number in all tested queens (r = 0.2641, p<0.05). No correlation occurred between queen weight and the number of ovarioles (r = 0.0384). Moreover, there was no correlation between queen weight and the number of sperm in spermathecae (r = 0.0568, p>0.05). . In the three year period, the average number of spermatozoa in the spermathecae of the queens originating from breeders are shown in Figure 1 . The average spermathecal volume was 0.89 (± 0.10) for queens tested in 2008 and 0.87 (± 0.10) for queens tested in 2010 with no size difference detected between these two years (P>0.05).
Presence of Nosema spp. spores Nosema ceranae spores were found in 3.4% queens in 2008 and in 1.8% queens in 2010 (Tab. 2). After performing molecular tests, all Nosema positive samples were confirmed as N. ceranae.
Viral RNA detection
The incidence of all the tested viruses, in queens from rearing apiaries, is shown in Table 3 . The highest percentage queens infected with virus was detected for DWV in 2008 (65.28%), the second for BQCV in 2010. The incidence of ABPV and DWV was uneven in the considered period. However, 
DISCUSSION
The body weight of queens is influenced by the age at which the young larva is grafted, by genetic factors, and to a large extent, by external rearing conditions such as pasture abundance and weather conditions (Woyke, 1971; Weiss, 1974; Meyer, 1975; Skowronek et al., 2004; Büchler et al., 2013) . It seems that a low frequency of Nosema and virus infections exert little influence on the general health and body weight of queen honey bees (Chen et al., 2005; Roy and Kryger, 2012) . However, queen rearing methods vary between apiaries, change from year to year, and could exert far greater influence over morphologically-based fitness traits of queen bees. For instance, the number of ovarioles in a queen's ovaries correlates with her larval age at the time of grafting (Woyke, 1971; Ruttner, 1983) . Queens reared from one-day-old larvae have, on average, 154 ovarioles, queens reared from two-day old larvae have 146 ovarioles, and queens reared from three-day old larvae have 136 ovarioles. A quality queen should have about 150 ovarioles (Ruttner, 1983; Carreck et. al, 2013) . In A. m. carnica, the number of ovarioles range between 145-160 (Hatjina et al., 2014) , the level of a quality queen. In our survey, the average number of ovarioles in queens exceeded the recommended number for a quality queen, but decreased continuously from 2006 to 2010, starting with the highest number of 161 in 2006, to the lowest number of ovarioles of 135 in 2010. However, the average number of ovarioles was 149, indicating overall good queen quality from Slovenian apiaries. Queen quality, besides her own reproductive potential, is also determined by mating success. A fully-mated queen typically stores from 5 million to 7 million sperm in her spermatheca (Woyke, 1962) . In our three-year survey, the lowest and the highest detected average sperm counts from apiaries varied from 2.36 million sperm per queen to 6.11 million sperm with an average 4.43 million spermatozoa. Our average sperm count was comparable to sperm counts for 80 commercially produced queens in California (Tarpy et al., 2012) . Camazine et al. (1998) examined 325 queens from 13 different commercial queen breeders and they found that 19% of the queens were "poorly mated" because their spermathecae contained fewer than 3 million sperm. On average, 15% of the tested queens from our apiaries carried fewer than 3 million sperm and 36% of the queens had more than 5 million sperm in their spermathecae. The rearing season also has an impact on the number of spermatozoa in the queen's spermathecae (Güler and Alpay, 2005; Koç and Karacaoglu, 2011) . Our results show that a standard for acceptable queen quality can be established. This standard includes a queen that weighs 200 mg, contains ~150 ovarioles, and is capable of storing 4 x 10 6 or more spermatozoa. In addition, Nosema spores or any other signs of disease should not be present. Queen rearing is an important beekeeping activity that ensures the availability of quality queens. Furthermore, rearing productive queens is a priority for the beekeeping sector. The purchase and the replacement of queens in colonies is also associated with some risk of pathogen e.g. Nosema spores and virus introduction (Gregorc et al., 1991; 1992; Czekonska, 2000) . The objective of breeding activities and queen marketing, is also to reduce the potential transmission of the causative agents of disease. It was found that mating can transmit viral disease; mated queens are older than virgin queens, which results in a higher probability of infection from workers or as a result of vertical virus transmission (Gauthier et al., 2011) . In our previous research, we noted that DWV was found in normally-developed, laying queens despite Varroa control (Gregorc and Bakony, 2012) . The results of this survey will help queen breeders and extension specialists improve rearing technologies and queen mating conditions that are essential for certifying queens for commercial sale. Our data will hopefully contribute to a better understanding of how measurements of morphological and physiological traits can provide a standard from which to breed higher quality queens with greater mating success and reproductive fitness.
CONCLUSIONS
Based on the 888 mated honey bee queens sampled during this study, we suggest a new standard for rearing and mating quality queens in Slovenia. Queens should be Nosema-free, weigh 206 mg, have an average of 149 ovarioles, and be capable of storing ~4 million sperm, on average. Queens obtained from queen-rearing apiaries are produced for the beekeeping market and basic queen quality standards must be taken into consideration.
